Abstract. In the teaching of material engineering in high school, a comparison between a traditional technique and an advanced one not only can effectively promote the students to understand and grasp the new one, but also can be used as a useful tool to encourage the student to do more self-learning about material processing. In the present report, the students were taught to carry out the advanced electrospinning processes. The difficulties in clear explanations the complicated new process in the class could be easily overcome by the usage of traditional wet spinning as a start point. Based on their past knowledge and experience about the wet spinning processes, the college students majoring in material engineering quickly grasped the essences of electrospinning, discriminated the differences between electrospinning and wet spinning. Some students eagerly went to the experimental laboratory to carry out some experiments about the preparations and characterizations of electrospun polymeric nanofibers. A related start point for comparison is important to transfer knowledge about a new advanced material processing technique to the college students.
Background
Technology can act as a core element of teaching materials for the college students in high school, who major in the discipline of Material Science and Engineering. Engineering education is the activity of teaching knowledge and principles to the professional practice of engineering. Engineering education is typically accompanied by additional post graduate examinations and supervised training of material processing technology as the requirements for a professional engineering license. The interdisciplinary field of materials science and engineering involves the discovery and design of new materials. From an engineering standpoint, a material cannot be used in industry if no economical production method for it has been developed [1] . Thus, the material processing technologies of materials are vital to the field of materials science, which should be taught to the high school students as far as possible. Shown in Fig.1 , when a new desired product is needed, it first needs to be designed and the start raw materials should be selected reasonably. Later, the material processing technology, which include a single step or comprise a series of material processing processes, will play its important role in converting the raw materials to the designed products. The products must be subjected a series of characterizations and analysis before it can be utilized as commercial products for real applications. Certainly, the material science theories will play a fundamental role during all these conversion and analysis processes.
Needless to say that material science and engineering is a very broad field with different materials require different processing technologies. For example, the processing of metals has historically been very important and is studied under the branch of materials science named physical metallurgy. As of the early 21st century, new methods are being developed to synthesize nanomaterials. Thus in this paper, a popular and advanced nanotechnology--electrospinning is selected as an example to show how to explain clearly to the college students in higher education, with a traditional technology--wet spinning as a reference.
Traditional Wet Spinning and the Advanced Electrospinning
Analogy, as "the core of cognition", is a useful method for transferring new meaning to students of material processing technology through reasonable analogical comparisons of known knowledge to the unknown one [2] [3] [4] . Here, to the college students majoring in Materials Science & Textile Engineering, the traditional wet spinning is known and advanced electrospinning is unknown to them. Fig. 2 is a typical processes of the wet-spinning technology. The system is complicated to include a series of components such as air compressor, filter, storage pot, counting pump, goose-neck pipe, spinneret, coagulation bath, first guide roll, pre-stretching bath, second guide roll, thermo-stretching bath and winding apparatus. However, the key concept is that the wet spinning is a material processing technology, which starts from a working spin able solution and ends in a product of polymeric fibers. The produced fibers often have a diameter around 50 microns [5] .
Shown in
The electrospinning process is a relatively simple process. A diagram is shown in Fig. 3 . It is a useful technology for preparing the one-dimensional nanomaterials, such as polymeric nanofibers, polymer-based nanocomposites in a "top-down" manner [6] [7] [8] . An electrospinning system is often composed of four components, i.e. the high-voltage power supply, the working fluid driving pump, the spinneret and the fiber collector [9] [10] [11] . The technique essentially involves making a solution of a polymer (often with a functional component) in a volatile solvent, and ejecting this from a syringe fitted with a metal needle (the spinneret). A high potential difference is applied between the spinneret and a grounded collector, and the electrical energy causes rapid evaporation of the solvent and yields one-dimensional polymer-based fibers [12] [13] [14] .
Comparison for Effective Teaching the New Technology
A detailed comparisons of the wet spinning technology and the electrospinning are included in Table  1for the students to effectively understand the meaning of the advanced nanotechnology from the traditional one. They are similarities in the following aspects: 1) Both belong to fiber formation technology; 2) And thus both start from polymeric solutions and their final products are similarly solid fibers; 3) To fulfill the goal, both comprise the similar four parts, the fluid driving and measuring systems, the fluid drawing systems, the fiber collection systems and the models for generating fibers, i.e. Spinneret.
However, Table l has listed the major differences between these two filament-forming techniques. First, their fundamental mechanisms are different, one by electrical forces and the other through coagulation and mechanical drawing. Second, under their different mechanisms, their apparatuses are different, for example, one using aluminum foil as collector to taking advantage of its conductivity and the other using winding apparatus roller; one using syringe pump to drive and measure the fluid volumes and the other using compressing air. Third, their working fluids often have different concentrations and comprise different solvents, for example, the wet spinning solutions often have a higher concentration than the electrospinning liquids, and the former have little concern about the violation of solvents but the later must be volatile liquids (often organic solvent with a lower boiling point). Forth and the most important one, their products are different, which determine the electrospinning is an advanced nanotechnology whereas the wet spinning is a traditional fiber-forming technology. The electrospun fibers often have a diameter of several nanometers to several microns. The wet spun fibers have a size of several decades of microns, an order of magnitude larger than the electrospun products. This is why the electrospun nanofibers have larger surface area and huge porosity, which are very desired for designing new types of functional nanomaterials [15] [16] [17] [18] [19] . A simple comparison is shown in Fig. 5 , where the above layer is electrospun polyacrylonitrile (PAN) nanofibers, having a diameter of 0.64 µm by estimation, and the bottom layer is wet spun PAN fibers, having a diameter of 67 µm. [5, [17] [18] [19] [20] .
Summary
The grasp of advanced modern material processing technologies is very important for the college students majoring the subject of material science and engineering. How to explain clearly the advanced nanotechnology to the college students in higher education in a vivid way is very important for training their creativity and arousing their learning interests. With electrospinning and wet spinning as models, we explain how to carry out the analogical teaching of advanced technology in higher education. By the usage of traditional wet spinning as a start point, and based on their past knowledge and experience about the wet spinning processes, the college students were able to quickly grasp the essences of electrospinning, discriminate the differences between electrospinning and wet spinning. From traditional technique to advanced technique can pave a way for effectively imparting the knowledge about the advanced techniques to the college students and promote their self-learning enthusiasms.
